We studied intracellular free, bound, and sequestered calcium in rat mast cells after various stimulations. The use of a fluorescent probe combined with digitized imaging on individual living cells demonstrated transient increases of free Ca2+ in the micromolar range. The use of histochemical techniques (K pyroantimonate and anhydrous fmtion), together with X-ray microanalysis, energy electron-loss spectroscopy, and electron spectroscopic imaging, revealed large amounts of stored calcium within the cells (in the millimolar range). Chelation experiments and stimulations enabled us to identify at least two pools of bound calcium which exhibited different dynamic behaviors. Stimulation in the pres-~ ~~ ' Supported by grant CJF 8907 from the Institut National de la SantE et de la Recherche MCdicale.
Introduction
In many cell systems, the triggering of exocytosis by ligands of cell surface receptors requires extracellular calcium. This is the case for sensitized mast cells exposed to multivalent antigens (Foreman and Mongar, 1972) . It has been demonstrated, by the use of a fluorescent probe such as Quin 2 (Tsien et al., 1982) , that bridging of cell-bound IgE by antigen induces not only Ca2' influx but also mobilization of intracellular calcium. However, the respective roles of Ca2+ influx and discharge from organelles after different stimulations, such as calcium ionophores (Liu and Hermann, 1978) and compound 48/80 (Neher and Almers, 1986) , is not yet completely clear (Soler et al., 1989) . Moreover, a precise localization of calcium compartments in mast cells has not yet been achieved.
Cell calcium can occur in three physicochemical forms: (a) "free" ionized calcium which is present in very small amounts and can only be monitored by fluorescent probes in vivo; (b) loosely bound ionic calcium, which can be detected with histochemical techniques; and (c) firmly bound calcium as occurs in calcified tissues, which is detectable only by histophysical methods (Probst, 1986) . The present study is an attempt to localize these forms of calcium in mast cells.
In most cells, and particularly in nerve and muscle cells, the use of various techniques including histochemistry with Ca2'precipitating anions (references in Nicaise et al., 1989 ) and X-ray microanalysis of total calcium (Somlyo and Somlyo, 1986; Somlyo, 1984) , suggested that endoplasmic reticulum was the major calcium storage site. However, calcium has also been detected in the mitochondria (Wick and Hepler, 1982) , particularly under conditions of calcium overload. on the plasma membrane (Hoffstein. 1979) . in secretory granules, and in the nucleus (see Wick and Hepler, 1982, for review; Somlyo and Somlyo, 1986; Somlyo, 1984) .
In view ofthe possibility that cellular calcium distribution could be altered by fixation procedures and that interference between cations might affect calcium measurements, we first used a fluorescent probe on living cells. Secondly, for ultrastructural localization, we performed pyroantimonate precipitation in the presence of formaldehyde and anhydrous fixation in DMSO. We compared the results obtained with X-ray microanalysis, electron energy-loss spectroscopy (EELS), a n d electron spectroscopic imaging (ESI) on fixed mast cells exposed to different stimuli.
Materials and Methods
Cells. Peritoneal mast cells were obtained from adult male Lewis rats, purchased from CESEAL (Orleans, France). The rats were sacrificed by ether inhalation and exsanguinated by carotid section. Cells were collected by washing the peritoneal cavity with 10 ml of buffer (NaCI, 135 mM; KCI, 5 mM; MgC12, 1 mM; HEPES, 20 mM; CaCI2, 1 mM; glucose, 10 mM). washed twice, and re-suspended at a concentration of 2 x 10' mast cells/ml.
Immunization. IgE-dependent stimulation was induced by injecting 2-month-old male Lewis rats with 0.5 ml of 20 mg/ml bovine serum albumin (BSA) (grade V; Sigma, St Louis, MO) mixed with 10 mg aluminum hydroxide gel AI(OH)3. The rats were sacrificed between 10 and 24 days after immunization and the peritoneal mast cells were collected according to Abadie and Prouvost-Danon (1980) . Controls were carried out without BSA under the same conditions. Activation. Mast cells were incubated at 37°C with 5 x 10.' or M ionomycin (Calbiochem; La Jolla, CA) in the presence or absence of 5 mM EGTA and 5 mM EDTA. Mast cells were also activated by 0.5 and 5 pglml of compound 48/80 (Sigma). Mast cells from immunized animals were challenged by contact with 5 pg/ml BSA. The reactions were monitored by fluorescence microscopy for at least 2 min and determinations were done every 25 sec. For ultrastructural preparations, experiments were performed under similar conditions and stopped 2 min after challenge (15 min for BSA) by washing the cells with 5 ml cold buffer before centrifugation at 4'C and fixation.
Fluorescence Microscopy. Mast cells were labeled with 1 pM Fura 2IAM (Calbiochem-Behring; Somerville, NJ) in the medium used to collect the cells. It is known (Neher and Almers, 1986 ) that Fura 2 may be trapped in mast cell granules and released into the extracellular medium during degranulation, making fluorescence changes difficult to interpret. Therefore, to avoid important dye sequestration, cells were loaded at room temperature and used immediately. Under these conditions, where stimulation does not trigger off explosive degranulation, we have found a slight decrease of emission intensity at 360 nm excitation and a breakdown (more or less important according to the stimulus) at 400 nm excitation.
Digital fluorescence imaging was performed with an apparatus described in detail elsewhere (Andre et al., 1990a,b) . Briefly, we used an Olympus IMT2 inverted microscope coupled to a video-intensified Lhesa 1036 camera. Fura 2 fluorescence was excited by a 100-W mercury lamp and excitation filters were set at 360 nm and 400 nm (10 nm bandwidth). The camera output was processed with a PC Vision + digitizer (Imaging Technology) mounted on an IBM-compatible desk computer. Calcium concentrations were determined according to the following equation (Grynkiewicz et al., 1985) :
Other parameters were obtained from cells incubated respectively in medium containing 1 mM Ca2+ and 1 WM ionomycin or 5 mM EGTA and 1 pM ionomycin:
R min (360/400 intensity ratio under calcium-free condition) R max (360/400 intensity ratio under calcium saturation). p (400 nm without Ca2'/400 nm with Ca" intensity ratio).
Precipitation by K Pyroantimonate. We followed a modification of the Komnick and Komnick method (1962,1963) according to Mentre and Escaig (1988) . A 2 % pyroantimonate (PA) (RP, KSb(OH)6) (Merck; Darm-stadt, FRG) solution was concentrated to 10% by gentle boiling. Ten ml of that solution were added to 8 ml of 0.1 M potassium phosphate buffer (pH 7.2). The final pH was adjusted t3 7.8 with 0.5 M monobasic potassium phosphate and the volume completed to 20 ml with 0.05 M phosphate buffer at pH 7.8. Four ml of this PA solution were then added to 1 ml of 10% paraformaldehyde and adjusted to pH 7.8 with KOH. Phenol was added at a final concentration of 1%. After 1 hr of fixation the material was rinsed in a large volume of phosphate buffer (pH 7.2), dehydrated in graded series of alcohol, and embedded in Epon.
The identification of calcium deposits was performed by X-ray microanalysis, and controls were made by floating the sections for 1 hr on a 10 mM EGTA solution in KOH, p H 7.8 (Mata et al., 1987) . Calcium chelation was evidenced by the disappearance of the deposits and the absence of calcium peaks in X-ray microanalysis.
Anhydrous Fixation. Cells were fixed for 1 hr at room temperature in DMSO containing 2.5% glutaraldehyde (Polysciences; Warrington. PA) according to a modification of the Hallam method (1976) by Manston and Katchburian (1984) and were rinsed in pure DMSO for 1 hr. Then cells were immersed in DMSOiethanol mixtures with increasing ethanol concentrations. After pure ethanol, the cells were mixed with propylene oxide and embedded in Epon. For morphological studies, ultra-thin sections were observed after counterstaining with uranyl acetate and lead citrate. Unstained sections collected on ethylene glycol to avoid calcium dissolution were used for X-ray microanalysis, EELS, and ESI. X-ray Microanalysis. We used unstained sections of gold interference color (~1 2 0 nm) mounted on 300-mesh copper grids without supporting film. The sections were carbon-coated in a Balzers 306 vacuum evaporator and specimens were examined in a Philips EM 400T electron microscope fitted with a 30 mm2 147 eV resolution lithium-drifted energy-dispersive X-ray detector. The standardization of analysis was obtained by switching off data acquisition when 6000 events were detected in the copper channel. The X-ray spectra were collected and analyzed by a Tracor Northern TN2000 multichannel analyzer. The microscope was operated in the STEM mode at 80 keV, 50 Clamp emission current, 25" specimen tilt, 45' takeoff, and with a beam diameter of 50 nm. The spectra are indicative of organic compounds but also of instrumental peaks (the largest one being due to copper at 8.04 keV, but silicium and chromium from the grid and specimen holder were also detected with an associated extraneous continuum and low energy noise due to electrons reaching the detector. For each element, spectra were visualized on the cathode ray tube and drawn using an omniscribe. All spectra were stored on disks for later processing. The surface of the peaks of calcium and the corresponding background under these peaks were recorded on disks. Calculation of peak to background (PI b) ratios , means and standard deviations, and comparison of the various elements were performed by means of a special BA-SIC program written in the laboratory for the desk computer. Paired PIb distributions were compared using Student's t-test. Since samples were chosen according to their colors (non-gold sections were discarded), the maximal variation in section thickness was not higher than 10%. Since each result represents the mean value of 10 determinations, the contribution of thickness variation to the final error was expected to be less than a few percent, which was acceptable in view of the overall limitation of the methods. We used two calcium standards: (a) a thin section (100 nm) of a resin-embedded 0.2% calcium standard processed by the method of Chandler (1976) was provided by Agar Scientific (Stansted, Essex, England); and (b) calciumloaded Chelex beads (De Bruijn, 1981) provided by Bio-Rad (Richmond, CA), were embedded in Epon together with one of the studied samples. This standard gives a 6.2% calcium concentration. The calcium concentrations of the specimen were expressed in mmollkg-' of epoxy-embedded tissue as obtained by the equation of Hall . Variations could be due to parameters difficult to control, such as rapidity of fixation and intrinsic variations of biological specimens. Therefore, we reasonably expected an approximation of 15% . Under such conditions, the Hall equation can be simplified and concentrations were calculated as follows:
where P and b are peak and background levels measured on specimen (sp) and standard (st), respectively. [Ca] is the calcium concentration and Z2/A the correcting factor. calculated in Blaineau et al. (1987) . including the atomic number Z and the atomic mass A.
Electron Spectroscopy
Imaging. Energy-filtering electron microscopy makes it possible to achieve high resolution of the distribution of elements within the cell (Leapman, 1986; Ottensmeyer and Andrew, 1980) and especially of calcium (Martin et al. 1989 ). EELS and ESI were recorded on a Zeiss CEM 902 transmission electron microscope equipped with a prism-mirror-prism spectrometer and an electron detector (photomultiplier). EELS spectra were recorded in the diffraction coupling mode. The maximum scattering angle (17 mrad) was limited by the objective aperture, the energy resolution was 1.5 eV (measured on the zero-loss peak), and the specimen area to be analyzed was selected by the spectrometer entrance aperture (0.1 mm). ESI was performed using the same angle selection. The energy window in the final filtered image was 10 eV, limited by the adjustable slit in the back focal plane behind the filter lens. For more information on the electron optics and working conditions with the Zeiss CEM 902, see, for example, Reimer et al. (1982) . With the aid of a TV image intensifier and pseudocolor display, images were finally obtained from a CK 100 Mitsubishi color video processor.
Results

Calcium Fluxes in Individual Living Cells
To study the alterations of cytosolic calcium levels after cell stimulation, mast cells were loaded with Fura 2 and exposed to (a) the calcium ionophore ionomycin, in Figures 1 and 2. The calcium concentration was less than about 100 nM in resting cells ( Figures 1A and 2 ). Ionomycin induced a rapid and dramatic (at least tenfold) increase of this concentration ( Figures 1B and 2) . Calcium levels were uniformly high ( Figure IB) , and visible exocytosis usually followed within several tens of seconds, with marked differences between the responses of individual cells (not shown). Compound 48/80 induced a moderate (two-or threefold) and transient (less than 10 sec) increase in cell concentration ( Figures 1C and 2) . Degranulation usually followed within several tens of seconds. Finally, specific antigen stimulation induced a modest (two-or threefold) but prolonged calcium rise ( Figures  1D and 2 ). This rise was often restricted to a limited cell area ( Figure ID ), and this localization changed when a given cell was observed for several minutes. Degranulation was very slow and moderate as compared to the response to compound 48/80.
Ultrastructural Localization of Calcium Pyroantimonate Precz)itates
Pyroantimonate precipitates exhibited a non-random distribution on the various organelles of control mast cells (not shown) On ionomycin stimulation the localization was unaltered (Figure 3) . Coarse deposits, heterogeneous in size, were present on the granules but some of them were precisely situated on the granule membranes. Even extruded granules were positive (data not shown). The plasma membrane was also irregularly stained, and it was difficult to determine whether deposits were preferentially associated with one side or the other of the membrane. The sparse granule-free cytoplasm seemed to be unstained and was apparently devoid of any mitochondrial structure. In the nucleus, fme and regular precipitates were closely associated with heterochromatin. whereas very tiny deposits (detectable only with a magnifying glass) were associated with the dispersed euchromatin. Nuclear membranes were apparently devoid of staining. X-ray microanalysis confirmed the presence of calcium on the precipitates in the various organelles ( Figures 4A-4D ). Even spectra obtained from cytoplasmic areas where deposits were almost invisible revealed the presence of calcium ( Figure 4D ), although the possible overlapping of calcium and antimony peaks will be discussed further. When sections were treated with EDTA the deposits were removed, which produced holes in the Epon (not shown). ESI revealed the co-localization of calcium and antimony inside the same organelles. Figure 5 shows the similarity of brightness patterns obtained respectively with the observation at 100 eV for calcium ( Figure SA) and that at 550 eV for antimony ( Figure 5B ).
Anhydrous Calcium Fixation
Glutaraldehyde-DMSO fixation followed by anhydrous processing did not enable us to visualize calcium in conventional transmission electron microscopy (TEM), but provided a rather suitable material for morphological observations of mast cells ( Figure 6 ). With this technique we could observe the ultrastructure of resting mast cells ( Figure 6A) , the swelling of granules on ionomycin stimulation (Figure 6B) , the explosive degranulation after stimulation with compound 48/80 ( Figure 6C) , and the absence of degranulation whatever the stimulation after 30 min of exposure to EDTA ( Figures  6D-6F ). X-ray analysis performed on this material demonstrated the presence of calcium in the same compartments as in samples treated by PA. When ESI was applied on ultra-thin sections without counterstaining, the elastic image offered a very good contrast (not shown). In this work we focused mainly on the distribution of calcium, which at very low concentration represents a challenge for ESI. Two ionization edges can be used to image calcium. First, the M2.3 edge begins at 25 eV loss with a delayed maximum near 36 eV, and extends well beyond 50 eV. At 100 eV loss, the Ca contribution is very low, but the background decreases even more rapidly, so that the signal:noise ratio increases. Second, the Lz.3 edge is sharply defined at 347 eV loss. These two edges are in the proximity of the carbon contribution in the EELS spectrum (the plasmon loss at 25 eV for the Mz.3 edge and the carbon K edge at 285 eV for the L2.3 edge). Therefore, a background correction for Ca ESI is not easily applicable here. It is difficult to isolate the calcium contribution (Colliex and Mory, 1988) ; moreover, the elemen- tal signal is very low because of the intrinsic low calcium content of the material. Figure 7A shows two EELS spectra obtained under similar conditions and corresponding, respectively, to intra-and extra-granule areas. It clearly appears that the difference between both spectra is only due to the contribution of the calcium M2.3 edge beginning near 34 eV loss. This is confirmed by the presence of the calcium L2.3 edge at 347 eV in the granule material only ( Figure 7B ). Whereas ESI is not feasible on the core-loss edge, it becomes directly applicable in the low-loss zone, and we chose the 100 eV loss (Figures 5, 8, and 9 ) inelastic image for the following reasons: (a) the signal background is better than in the calcium M2.3 proximity; and (b) there is no overlap with other edges such as the sulfur L edge (near the 180 eV loss) or the phosphorus L edge (near 130 eV loss). As the thickness variations of the ultra-thin sections are very low and not detected, the 100 eV inelastic image (with 10 eV energy band) practically gives the calcium ESI on the M2.3 edge in the cell material, with a superb contrast. As the calcium M2.3 contribution should become negligible after 150 eV (Martin et al., 1990) , the 250 eV loss inelastic image can also be interpreted in a first approximation as the sulfur mapping. ESI at the L2.3 edge reflects the presence of sulfur in this case. In Figure 8 we choose to show the localization of calcium in comparison to sulfur on a resting mast cell. The most striking feature was the high brightness on the heterochromatin and cytoplasm for calcium ( Figure  8A ) and on the heterochromatin and granules for sulfur ( Figure  8D ) successively shown on the same cell. Pseudocolor display was used to facilitate the visualization of differences ( Figures 8B and  8E ). Large amounts of calcium in the cytoplasm and a low calcium level in the granules ( Figure 8C ) are in contrast with the high level of sulfur in the granules and the lower sulfur content in the cytoplasm ( Figure 8F ). On ionomycin stimulation, calcium appeared mainly distributed on heterochromatin and in some cytoplasmic areas, with higher levels than in the granules ( Figures 9A and 9B) .
A similar distribution was observed in a mast cell stimulated with compound 48/80 ( Figures 9C and 9D) . A great heterogeneity in the calcium content appeared in the various cells (not shown) and within the same cell, among the granule population and inside the cytoplasm, after both types of stimulation.
Semiquantitative Evaluation of PA-treated Samples
The X-ray counts of an element are quantitatively related to its amount in the sections. We assume that all sections had approximately the same thickness and were observed in the same conditions. We therefore compared the averaged P/b values of ten calcium determinations for each organelle. Figure 10 shows the variations of calcium content in mast cell organelles after various stimulations detected on PA-precipitated samples. As the granule matrix contains high amounts of sulfated molecules (i.e., heparin and proteoglycans), we also estimated the sulfur content. In mast cell granules, high sulfur peaks were detected by X-ray microanalysis ( Figures 11A and UB) , always associated with calcium. Compound 48/80 and BSA stimulations, which decreased the amount of calcium, also decreased the sulfur content of these organelles. On ionomycin stimulation, calcium levels were significantly increased in nuclei (more in heterochromatin than in euchromatin), in cytoplasmic areas, and in plasma membranes. A decrease in the calcium content of granule membranes was observed only after exposure to compound 48/80. A 30-min exposure to EDTA or EDTA+ EGTA decreased the amounts of calcium in granule-free cytoplasmic areas, plasma membranes, and in euchromatin, but not in heterochromatin or in the granules in PA-treated cells (Figure 12A) . We thus detected calcium modifications in the granules after stimulation but not after chelation. After anhydrous (glutar-aldehydelDMS0) fixation the average calcium values were slightly lower ( Figure 12B ), particularly in granules and granule membranes.
With that procedure we detected a calcium decrease after the ac-
LJ -8.. tion of EGTA in euchromatin, granule-free cytoplasmic areas, and plasma membrane. We also observed a decrease of calcium in most organelles on ionophore stimulation, and this point will be discussed further. The calcium concentration of granules was determined using the Hall equation. Calculations were performed and they indicated a concentration of about 220 mm0Ukg-l.
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Discussion
It is widely recognized that cytosolic free Ca2+ plays a prominent role as a second messenger during transmembrane cell signaling. However, it was estimated that less than 0.1% of total cell calcium is ionized in the cytosol (Carafoli, 1987) , and changes in total calcium have been detected during various physiological processes (see Nicaise et al., 1989, for review). Therefore, it seemed useful to investigate at the same time the alterations of free, bound, and sequestered calcium that were induced by cell stimulation. We used the fluorescent calcium probe Fura 2 to monitor intracellular free Ca2+ during various stimulations. We used electron microscopic cytochemistry to monitor loosely bound calcium within fixed mast cells before and after stimulation. We demonstrated the relative abundance of calcium in mast cell granules and in granule membranes but also in other cell compartments. Finally, whereas granule calcium was relatively insensitive to both EGTA extraction and ionomycin-induced increase, calcium from other compartments markedly decreased after EGTA treatment and substantially increased on ionomycin exposure. This strongly suggests the existence of, at least, various calcium pools with different dynamic behaviors.
Advantages ana' Limitations of the Techniques
The displacement of different calcium pools during cell processing can be expected to depend on the strength of interactions with cell components, as well as on the nature of the techniques. With X-ray microanalysis and ESI, we detected calcium in all cell compartments. These two complementary approaches have shown similar calcium localizations on materials differing greatly by their preparative procedure. The PA technique has been extensively used but also criticized (see Mentre and Escaig, 1988; Mentr6 and Halpern, 1988, for review) . A major question that arises is whether calcium remains at its original binding site during the processing or whether it diffuses. PA is sometimes presumed to displace weakly bound calcium, particularly when Os04 is employed as first fixative ). Therefore cells were fixed with formaldehyde to prevent diffusion from the sequestration sites (Mentrt and Escaig, 1988) . The specificity of PA precipitation was assessed with X-ray microanalysis, with the limitation that the calcium Ka line is difficult to separate from the antimony La line (Chandler, 1976) . The use of ESI, which resolves these two elements, confirms the co-localization of calcium and antimony on the same precipitates. It has been reported that calcium precipitation is essentially linear over most of the range of calcium concentrations expected within the cells (Slocum and Roux, 1982) . Therefore, this technique could be used for quantitative evaluation under carefully defined conditions. We also used another technique that did not involve a precipitating agent: rapid fixation in glutarddehydelDMS0. Although quantitatively anhydrous fixation was slightly disappointing, it yielded qualitatively similar results as PA. Indeed, intranuclear deposits were found in many cell types but they were not considered definitely to reflect the presence of calcium because other ions could be precipitated (Meyran et al., 1984; Wick and Hepler, 1982) , although cal- cium was also detected biochemically (Maunder et al., 1977) . X-ray microanalysis and ESI in samples fixed under anhydrous conditions assessed the presence of nuclear calcium. However, as ionomycin/ calcium complexes and perhaps other cell components are highly soluble in DMSO (Bennett and Gomperts, 1979) , quantitative differences obtained with that technique could be expected. Furthermore, there is no absolute proof that ethylene glycol does not extract or displace some calcium ions. Moreover, we should emphasize that our semiquantitative estimates must be considered with care. Finally, the use of a quantitative approach to study cellular calcium was supported by the fairly reasonable dispersion of the measured d u e s (Roomans, 1980) . The high calcium content of the granules has already been detected by Yarom et al. (1975) in mast cells from the tonsils, and different values were proposed by Kendall and Warley (1986) in a few mast cells of different origin, as these authors mentioned only one mast cell out of 20 that contained calcium-rich granules; however, their material was different, and they applied freeze-fixation on whole tissue rather than on pelleted cells (our conditions). We cannot exclude the possibility that our cells, being collected at room temperature, have been submitted to a calcium influx, consecutive to a slowing down of the membrane pumps by a decrease in temperature. Another possibility is the intake of calcium through a transient communication between the interior ofthe granules and the extracellular space. This reversible opening, described mainly by electrophysiologists under the name of flickering, has particularly been described in mast cells (see Zimmerberg, 1987; Femandez et al., 1984) . Such an aborted secretory process, with its likelihood of raising the calcium granular content up to extracellular levels, could occur more frequently during the preparative procedures.
Biological Meaning of the Results
The requirement for extracellular CaZ+ for mast cell exocytosis has been evidenced for a long time, and EGTA was often used to inhibit the phenomenon (Lichtenstein et al., 1964) . Moreover, high levels of calcium seem to be common in many membrane-bound secretory granules (Maggio et al., 1990 1975). Mast cell granules do not seem to be an exception. The high sulfur level of granules was predictable because mast cell granules contain heparin, a proteoglycan consisting of a peptide core and long chains of amino sugars that are sulfated to various degrees. The lack of potassium and sodium was not surprising, since the preparative procedures might have caused the loss of these highly diffusable elements (Garrec, 1983) . In contrast, a relatively high calcium content of mast cell granules was detected with all methods used. These concentrations are similar to those detected in other secretory granules, and especially in bladder granule cells (Davis et al., 1987) and in chromaffin cells (Omberg et al., 1980) . It has been proposed that membrane-bound granules might play a role in intracellular calcium homeostasis (Carafoli, 1987) . We have demonstrated here that calcium is found in great amounts in mast cell granules and we have shown that these organelles are unable to sequester calcium after a strong ionomycin stimulation. The fact that in some granules calcium decreases together with sulfur (particularly in mast cells stimulated with BSA) indicates that these granules are in the process of exocytosis and that calcium is probably released in association with a sulfated proteoglycan. Exposure of living cells to EGTA chelated part of the calcium from cytoplasm, plasma membrane, and euchromatin, but not from granules, granule membrane, or heterochromatin. We believe that these findings demonstrate the existence of at least two calcium pools that can be distinguished according to their binding properties. The calcium that was not affected by EGTA was probably tightly bound. It is assumed that calcium ions are involved in excitation-secretion coupling. It has been demonstrated that the discharge of Ca2+ from intracellular stores is involved in the early steps of activation in many cell systems (Berridge and Irvine, 1984; Somlyo, 1978) . The main calcium store is the endoplasmic reticulum, but we were unable to identify this organelle because it is essentially visible only on regenerating cells (Dvorak, 1988) . Our cytoplasmic determinations involved intergranular spaces which contained relatively high calcium levels, as evidenced by PA and also by anhydrous fixation. One of the major features provided by ESI was visualization of the heterogeneity of the cytoplasmic calcium distribution within the same cell, whatever the stimulation. It can be speculated that, as in other cell systems, this cytoplasmic calcium might be involved in the exocytic process (Cheek et al. 1989) . Therefore, it is tempting to compare this model with chromaffin cells; a possible difference might be that in mast cells excitation could diffuse by fusion between the membranes of adjacent granules and between these granule membranes and the plasma membrane, as observed morphologically. Hence, there may be no need for an important store of releasable calcium. Furthermore, the high calcium content of granules is consistent with a structural role for this cation, in accordance with the finding that it was not easily mobilized by EGTA treatment. However, it is not impossible that a non-negligible part, not detected by our techniques, is used in exocytosis. During the first seconds after stimulation, the variations in free intracellular Ca2+ were significant and could be monitored by fluorescence imaging on individual living cells. However, they were too weak and too transient to be followed by electron microscopy. As already assessed (Hoffstein, 1979) , because the lowest concentrations of calcium retained by PA or detected by electron microscopy are in the millimolar range the deposits visualized do not mainly represent sites at which ionic Ca2+ is free but instead represent sites of locally high calcium concentrations resulting from storage or sequestration. For the first time, to our knowledge, we have demonstrated here both the localization of bound calcium and its variations on secretion. Moreover, we have found at least two calcium pools which can be distinguished on the basis of their differing mobility.
In conclusion, whereas it has been established that free cytosolic calcium represents only a small amount of total cell calcium (Carafoli, 1987) , we have demonstrated that on stimulation there is also variation in bound calcium and that there is no obvious parallel between the movements of free and bound calcium. As free Ca2+ movements are implicated in exocytosis, it is likely that bound calcium may be involved in different functions.
